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 Ground water of the Echo Hills area in Clark County, Ohio was investigated for common 
water contaminants such as nitrate and coliform bacteria.  Thirty-four water samples were 
collected from locations including private wells, streams and a spring.  Nine of those samples 
were selected for nitrogen isotope analysis.  Three locations were chosen for a tracer test. 
Additionally, well log data, historical water quality data, and GIS data were obtained from the 
Clark County Health Department in Springfield, Ohio. 
 Results show that local agriculture likely has the greatest impact on ground water quality 
in Echo Hills especially the north-eastern portion, with local septic systems possibly contributing 
contaminants to the ground water as well.  N-15 isotope values indicate that nitrogen found in 
the ground water originates from synthetic fertilizer along with other sources, possibly human or 
animal waste.  The drinking water quality is also affected by well construction.  Open borehole 
wells allow contaminated water from the upper aquifer to mix with relatively clean water from 
the lower aquifer.  The results suggest that proper well and septic system construction, along 
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I.  INTRODUCTION 
 
 The availability of fresh, clean drinking water has become an increasing concern 
worldwide.  In the United States more than 100 million people use ground water as their source 
of drinking water (Nolan et al., 1997; Arnade 1999; Verstraeten et al, 2004) and ground water is 
also a source for approximately 40% of all public water use (Drever 1997).  Ground water can 
become contaminated in many ways.  One of the most common ground water contaminants, 
especially in shallow ground water flow systems, is nitrate (DeSimone and Howes, 1998; Kross 
et al., 1993).   
 Human activities have led to a worldwide increase of nitrate in the environment (Bohlke 
and Denver, 1995; Vitousek et al., 1997).  These activities include agricultural practices such as 
row-crop agriculture (Komor and Magner, 1996), fertilizer (Cey et al., 1999; Gustafson 1993; 
Kalff 2002; Kross et al., 1993; Nolan et al., 1997), use of chemicals on lawns and golf courses 
(Nolan et al., 1997), animal manure (Kross et al., 1993; Nolan et al., 1997), lime (Nolan et al., 
1997), septic systems (Gustafson 1993) and tilling of the soil (Cey et al., 1999).  As the result of 
the previously mentioned activities, nitrate levels in drinking water frequently exceeds the 
maximum contamination limit (MCL) as 10 mg/L for nitrate-nitrogen ( Freeze and Cherry, 1979; 
Gustafson 1993; Kross et al., 1993; Nolan et al., 1997; Vitousek et al., 1997 ) or 45 mg/L as 
nitrate (Freeze and Cherry, 1979; Kross et al., 1993).  Consumption of water containing nitrate in 
excess of these limits can lead to health problems in infants and livestock (Freeze and Cherry, 
1979).  Methemoglobinemia in infants is an example of a health problem that results from 
consuming water with high levels of nitrate, which reduces the ability of the blood to carry 
oxygen (Domenico and Schwartz, 1990; Kross et al., 1993; Nolan et al., 1997; Vitousek et al., 
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1997).  High nitrate levels can also lead to increased birth defects and lymphoma (Kross et al., 
1993). 
 However, nitrate is also required for many biological processes. Nitrate  is usually found 
in nature at much lower levels than in human-populated areas.  Nitrate-nitrogen naturally occurs 
below 2 mg/L (Nolan et al., 1997) or 1 mg/L (Gustafson 1993) in the environment depending on 
the study.  Agricultural processes usually result in high levels of nitrate in nearby water (Bohlke 
and Denver, 1995).  In drainage channels near farm fields it is common for nitrate levels to 
exceed 10 mg/L (Komor and Magner, 1996). An Iowa study found that nitrate-nitrogen levels 
exceeding 3 mg/L usually indicated human influence and most natural aquifers in the state had 
nitrate-nitrogen levels under 2 mg/L (Kross et al., 1993).       
 Drinking water in rural areas near agricultural areas is especially susceptible to many  
types of contamination.  Besides agricultural practices, water quality is also influenced by the 
septic system and well construction.  In the past, septic tank use and construction was basically 
unregulated and uniform standards were not adopted until the 1990s (Barry 2006).  For example, 
older septic systems did not require that at least one meter of unsaturated soil exist between the 
leach field and the seasonal high water table (Arnade 1999).  An improperly functioning septic 
system could influence the water quality of a nearby well.  Local ground water was more likely 
to become contaminated in an area with the following characteristics: a high density of homes, 
the septic system overlaid permeable soil such as gravel that overlaid thin and permeable 






I.  1.  PURPOSE 
 The purposes of this study are to determine the extent and source(s) of well water 
contamination in Echo Hills, a small community in mid-west Ohio, and to identify the major 
water flow paths in the area.  Domestic water wells in the area have shown a history of 
contamination from high levels of nitrates, the presence of coliform bacteria, and the presence of 
herbicides.  Currently the Ohio EPA lists the source of high nitrate in many wells to be attributed 
to nearby agriculture practices and poorly constructed wells (Bendula 2007).  However, I 
hypothesize that well water quality could also be influenced by nearby septic systems. 
 
I.  2.  LOCATION 
 The area of interest is a rural housing development, Echo Hills, located in Clark County, 
Ohio.  The area lies approximately at 83º 54΄N and 39º 51΄W.   The Echo Hills study area lies 
between the cities of Enon to the west and Springfield to the east.  The area currently contains 
fifty-eight households (with plans for more) that all utilize individual wells for their water and 
septic systems for waste disposal.  Farm fields surround Echo Hills.  To the north-east of Echo 
























Figure 1 Location of study area.  Circled area shows the location of Echo Hills.  Insert 
shows where Clark County is within Ohio.  Missing stream is shown as identified from an aerial 
black and white photograph, but missing from the GIS data.  (Regional map in the vicinity of 
Echo Hills is shown in Figure 3.) 
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II.  BEDROCK GEOLOGY AND HYDROLOGY 
II.  1.  BEDROCK GEOLOGY 
 The following historical summary of bedrock geology is taken from Ausich (1987).  The 
rock units of interest in the study area resulted from deposition on the Cincinnati Platform during 
the Silurian Period.  Figure 2 summarizes the bed rock stratigraphy.  The oldest unit of interest is 
the Brassfield Limestone which resulted from an initial Silurian transgression during the 
Llandoverian.  A sea level fall and regression ended deposition for the Brassfield.  The younger 
Dayton Limestone resulted from a renewed transgression.  Sediment deposition was basically 
continuous for the Osgood Shale through Cedarville Dolomite formations.  The Osgood to 
Massie Shale formations were deposited in the late Llandoverian, fluctuating between carbonate 
and fine clastic deposition.  Carbonate deposition predominated above the Massie Shale.  The 
Eupehmia and Cedarville Dolomites indicate an offshore environment free of clastics.  The 
Springfield Limestone was the result of a minor regression, with the Cedarville resulting from a 
return to a normal marine environment.   
 The local bedrock geology has also been studied by Norris (1952) and Frost (1977). 
Norris made the most comprehensive study of the Brassfield through the Cedarville formations, 
whereas Frost and Ausich concentrated more on the Dayton and Brassfield formations.  Warren 
(1988) studied the same rock units in an area to the south of this study area with an emphasis on 
fractures.  Warren (1988) found that there were no major faults in southwestern Ohio.  Fractures 
are mostly site-specific except the Cedarville, which has a fracture orientation of N45W and 
N70E (Warren 1988).  The other dolomite and limestone rock layers show complex and 





solution cavities which penetrate vertically and can easily be seen when the Cedarville is 
exposed at the surface.   
Rock outcrops near the study area were studied to better identify and understand them.  
Figure 3 shows the locations where outcrops were studied.  Two outcrops (numbers 1 and 2) near 
route OH-4, by George Rogers Clark Park and the city of Springfield revealed the Springfield, 
Euphemia, and Massie rock units.  The Springfield has a weathered surface that was a sandy 
color.  The Springfield had medium beds about six inches thick with fractures in two directions 
at ninety degrees to each other.  The fractures of the Euphemia were not as severe.  The 
Euphemia contained medium bedding, except near the bottom, where the bedding was much 
more massive, knobby, and contained vugs.  However, the Euphemia had much finer bedding 
near the Massie Shale boundary.  The Euphemia’s weathered surface was of a grayish color.  The 
Massie Shale was a maroon color and very fissile.  The Cedarville can be seen on US Route 68 
off of route OH-4 by highway marker number 7, near the intersection of interstate route I-70 and 
US Route 68 (outcrop number 3).  The Cedarville had less fracturing than the Springfield, but 
also contains many solution cavities filled with clay.  The weathered surface was dark gray and 
dolomitized.  An outcrop of the Brassfield unit on Dayton-Xenia road showed medium bedding 
























Figure 3 Location of rock outcrops studied with reference numbers.   
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II.  2.  SURFACE HYDROLOGY 
 The major stream in the nearby area is called Mud Run.  The two main branches of Mud 
Run (labeled North and South branch in Figure 4) join south-west of  Echo Hills.  The north and 
south branches of Mud Run both originate to the north-east of Echo Hills.  Mud Run combines 
with Clear Creek to the west of Echo Hills before it flows into the Mad River.  The northern 
branch of Mud Run has a surface elevation of approximately 950 feet directly north of Echo 
Hills, whereas the southern branch of Mud Run has a surface elevation of approximately 900 feet 
throughout most of its length.  The northern branch of Mud Run loses water as the stream flows 
to the south-west.  During the summer, the northern branch often disappears to the west of Hagan 
Road.  The southern branch of Mud Run contains much more water than the northern branch of 
Mud Run.  The water is usually more clear in the northern branch than the southern branch of 
Mud Run.  The southern branch of Mud Run was brown in color except where it was joined by a 
stream farther to the south.  Surface elevation of Echo Hills is approximately 956-988 feet.  
Surface elevation is higher to the north and east of Echo Hills and lower to the west and south.  
Contouring the surface elevation around Echo Hills indicates that surface water will generally 
flow from the north-east to the south-west.  Figures 4 shows surface elevation. 
 
II.  3.  LANDUSE 
 The most common land types in the study area are: cropland, residential, barren, and 
woodland.  Residential land use includes homes, multiple buildings, and school property.  Any 
land type with little vegetation that does not fit into the other categories is considered barren.  
Woodland areas are not the only areas with trees, however the woodland areas contain more tree 
























Figure 4 3D view of surface elevation in feet of thesis area.  Branches of Mud Run are 
labeled North and South Branch. 
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branch of Mud Run has many trees lining its banks in a narrow line.  However, cropland 
otherwise dominates the area.  The residential area of Echo Hills is surrounded by cropland.  
Figure 5 displays general land-use based on data from 2006.  Construction in the Echo Hills area 
continues through 2008 with the addition of at least one new road and land being developed for 
new homes. 
 
II.  4.  DOMESTIC WATER WELLS IN THE AREA 
 Well logs of 96 domestic water wells were obtained from the Clark County Combined 
Health District in Springfield, Ohio.  Fifty-two of the well logs were for water wells located in 
Echo Hills.  All water wells were open borehole wells, which means the wells did not have metal 
casings the entire length of the well.  Water wells in the study area varied from 33 to 180 feet in 
depth.  The shallowest wells are located near South Tecumseh Road.  Water wells in Echo Hills 
are at least 70 feet in depth, with most of the wells being over 110 feet deep.  The water wells in 
Echo Hills average 127 feet deep.  Most of the wells in Echo Hills had metal casings, with the 
longest being 81.5 feet.  Most of the wells in Echo Hills had metal casings of 28-35 feet long 
with the average casing length being 31.3 feet.  The pre-pumped static water level in the general 
area varied from 7-120 feet below the surface and 18-120 feet in Echo Hills.  The pre-pumped 
static water level in Echo Hills had an elevation of 856 to 951 feet.  The pre-pumped static water 
level had an average elevation of 902 feet in the Echo Hills area.  Appendix D summarizes the 
well log data organized from the well logs in Appendix E.  Figures 6 and 7 show the location of 


























Figure 5 Type of land-use in the thesis area.  2006 map as obtained from the Clark County 
























Figure 6 Location of well log data available for Echo hills with identification numbers. 
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Figure 7 Location of well log data available in the area surrounding Echo Hills with 
identification numbers. 
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II.  5.  SUBSURFACE INTERPRETATION 
 The subsurface under Echo Hills and nearby areas was approximated using well logs, 
nearby rock outcrops, and also from nearby areas that were mapped by Frost (1977) and Shrake 
(1994).  The well logs were obtained from the Springfield Health Department.  In regards to the 
subsurface interpretation, the well logs were used primarily for the pre-pumped static water 
levels, and to obtain an approximate overburden thickness.  The subsurface was simplified into 
four rock units; the overburden, Upper Carbonates, Shales, and the Dayton/Brassfield.  The rock 
units were defined and grouped by taking into account how easily water would normally move 
through the unit and the how likely the unit could support an aquifer.  The units were grouped in 
this manner, because groundwater flow is affected by a number of variables, such as the 
configuration of the water table, hydraulic conductivity of the rock units, and the local 
precipitation (Sophocleous 2002).     
 The overburden is defined as the layer above the uppermost bedrock.  The overburden 
generally consisted of gravel and broken pieces of rock, sand, or clay.  In Echo Hills the 
overburden thickness varies from 3 to 36 feet.  The overburden is thinnest and generally ten feet 
or less in the north-east portion of Echo Hills.  The Upper Carbonates unit includes all bedrock 
above the Massie shale, such as the Cedarville, Springfield, and Euphemia formations, but does 
not include the overburden.  In the study area the bottom of the Euphemia is found at an 
elevation from 912 to 938 feet.  North of Echo Hills, in Mud Run, the bottom of the Euphemia 
was found to be no lower than 920 feet in elevation (Shrake 1994).  Outcrop numbers 5 and 6 on 
Figure 3 were of the Euphemia formation.  An outcrop showing the boundary between the 
Cedarville and Springfield formations was found by a spring near outcrop location 8 on Figure 3.  
The shales unit consists of the Massie Shale, the Laurel Limestone, and the Osgood Shale.  The 
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shales were grouped together, because of shale’s ability to retard vertical water flow and the 
shale layers did not serve as a local aquifer. The limestone and dolomite formations above and 
below the shale units allowed ground water to vertically flow easily through fractures or solution 
cavities.  The Laurel Limestone was included in this unit, because it does not serve as a 
significant source of water, is the thinnest of all the formations, and to simplify the subsurface 
interpretation.  The shales unit has an average thickness of 29 feet, with the bottom of the unit 
varying from 880 to 909 feet elevation in the study area.  The Dayton/Brassfield Limestone unit 
consists of the two rock layers below the Osgood Shale and above the Elkhorn Shale.  This rock 
unit contains fractures and can serve as a water source.  Major water flow occurs in the fractures 
and solution channels that are common in karts or fractured terrain (Sophocleous 2002).  Two 
major aquifers; the upper and lower were defined to help analyze any patterns in the occurrence 
of contaminants, since these two aquifers are the most likely places for the local residents to get 
their water.  The upper aquifer is defined as being located in the Upper Carbonates unit above the 
shales unit in elevation, whereas the lower aquifer occurs in the Dayton/Brassfield unit.  Figure 8 
depicts the location of the two cross-sections.  The location for the upper and lower aquifer as 
shown by a blue line in Figures 9 and 10, this line approximates the highest elevation that the 






















Figure 8 Location of two geologic cross-sections. 
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Figure 10 North-east to south-west geologic cross-section.  Wells are labeled with their ID number. 
III. BACKGROUND INFORMATION 
 
III.  1.  NITRATE TRANSFORMATIONS 
 Nitrate is a common drinking water contaminant, because it is very water soluble (Canter 
and Knox, 1986;  Freeze and Cherry, 1979; Goosy et al., 1993) and can persist in ground water 
for decades (Nolan et al., 1997).  Nitrate can originate from many different sources, including 
fertilizers and manure or locations with significant fertilizer application such as lawns, and golf 
courses (p. 349, Domenici and Schwartz, 1990; Nolan et al., 1997).  Agriculture is a major 
source of nitrate contamination in ground water.  Nitrate in agricultural areas approaches zero 
during the growing season if the ground water is close to the surface (Burns et al., 1998).  In an 
area such as the Midwest United States, soil water usually shows a decline of nitrate in April, 
lowest nitrate concentrations in July, and then an increase of nitrate until March (Burns et al., 
1998).  
 Denitrification is a key process that affects the amount of nitrate in the environment.  
Nitrate is naturally removed from water by plant uptake and denitrification (Burns et al., 1998).  
Nitrate can be reduced by denitrification into nitrous oxide or nitrogen gas in an environment of 
little or no oxygen (Canter and Knox, 1986; Chapelle 2001; Kalff 2002; Nolan et al., 1997; 
Verstraeten et al., 2004).  Denitrification is a process facilitated by microbes that can occur in the 
following areas: soil, aquifer, riparian zone, river water, and river sediments (Mayer et al., 2002).  
Denitrification could result in large nitrate losses in ground water (Oenema et al., 1998).  
Whereas, nitrification will convert nitrite into nitrate by oxidation (Canter and Knox, 1986; 




III.  2.  OCCURRENCE OF BACTERIA IN GROUND WATER 
   Coliform bacteria is frequently found in ground water.  However, drinking water should 
not contain coliform bacteria (Mathes 2002).  Coliform bacteria is generally not pathogenic, 
however it can indicate the presence of other pathogens (Zimmerman et al., 2001).  Two major 
factors that affect the presence of coliform bacteria in ground water are weather conditions and 
well construction.  A study done at Palm Beach, Florida, found that fecal coliform counts were 
almost double during the wet season compared to the dry season (Arnade 1999).  Total coliform 
concentrations have been shown to increase in wells without casings and that were poorly 
grouted or not grouted at all relative to properly grouted wells with metal casings (Zimmerman et 
al., 2001).   
 All the wells in the thesis area were open borehole wells.  In many locations, the well 
casings do not appear to be long enough to reach the first shale layer below the upper aquifer.  A 
study done of fifty wells in Berkeley County, West Virgina, found that fecal coliform such as E. 
coli. were greatest in concentration in the most shallow wells (Mathes 2002).  Fecal coliform can 
grow with low nutrient concentrations and at low temperatures according to a study done in 
Connecticut (Camper et al., 1991).  Proper well construction does not always prevent the well 
water  from being contaminated by bacteria.  A study done of seventy-eight private wells located 
close to an agricultural area found that bacteria were as likely to be present in the non-grouted 
wells as in the properly grouted wells (Zimmerman et al., 2001).  The same study shows that the 
wells underlain by carbonate rocks had the highest detectable total coliform bacterial counts 
(Zimmerman et al., 2001).  E. coli. was found most often in non-grouted wells underlain by 
carbonate rocks (Zimmerman et al., 2001). 
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III.  3.  SEPTIC SYSTEM PERFORMANCE 
Septic systems are widely used to dispose of domestic sewage in rural areas.  Septic 
systems are used by over seventy million people and seventeen million housing units in the 
United States (Canter and Knox, 1986).  Domestic septic systems can become a local source of 
ground water contamination, especially units that are older than the recommended design life of 
ten to fifteen years (Canter and Knox, 1986).  A septic system contains a buried tank where 
water borne waste is collected and a subsurface drain where the sewage percolates into the soil 
by drainage tiles (Canter and Knox, 1986).  Solids are removed by gravity separation (Canter 
and Knox, 1986).  Septic system effluent contains fecal coliform bacteria, nitrates, and 
phosphates, which can lead to many diseases such as gastroententis and methoglobenemia 
(Arnade 1999).  Septic system effluent contaminating drinking water was responsible for 
fourteen percent of all water borne diseases in the United States from 1970-1990 (Arnade 
1999).  Improperly constructed or older septic systems can contaminate ground water with fecal 
coliform.  Even with improperly functioning septic systems, it is rare to find fecal bacteria more 
than 120 cm below the septic system (Canter and Knox, 1986).  Fecal bacteria seldom live 
beyond ten days in adverse conditions, but can live more than one hundred days under 
favorable conditions, such as cold and moist soil (Canter and Knox, 1986).  The fecal bacteria 
are more likely to survive in cool and moist soil (Canter and Knox, 1986).  Soil moisture was 
found to be the most important variable influencing  bacteria’s survival in a study in Virginia 
(Canter and Knox, 1986).   
Contamination of the ground water by a local septic system may affect nearby wells.  
Wells that contain water less then ten feet below the ground surface are more likely to be 
affected by a nearby septic system even if the well is cased (Verstraeten et al., 2004).  Uncased 
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wells have shown contamination from a nearby septic system if the water in the well is less than 
forty-five feet deep and the well itself is within one hundred feet of a septic system (Verstraeten 
et al., 2004).  To avoid water contamination, it is recommended that septic systems be located 
on lots with a minimum size of one acre, with two to four feet of unsaturated soil between the 
bottom of the septic system and the yearly high water table or the local bedrock (Canter and 
Knox, 1986).  This is because high rainfall can adversely affect the septic system performance 
if the water table reaches to within 25 cm of the surface, resulting in inadequate filtration of the 
septic tank effluent To avoid water contamination, the septic system needs to be on a lot of at 
least one acre, with two to four feet of unsaturated soil between the bottom of the septic system 
and the yearly high water table or the local bedrock (Arnade 1999).  Migration of the septic 
effluent was found in one study to be controlled by the local water table gradient (Miller 1992).  
A study found that nutrients from the septic systems in the water wells were found to be higher 
in the wet season and decreased as the distance between the septic system and the water well 
increased (Arnade 1999).  Local lithology also plays a role in septic system effluent.  Septic 
system effluent was found farther below the septic tank in a limestone aquifer than a system 
overlaying sand (Waller and Causáras, 1987).  Properly constructed septic systems can 
minimize bacterial contamination of ground water, but they also easily transfer nitrate into the 
ground water (Drever 1997).     
 
III.  4.  HERBICIDES 
 Herbicides are a type of pesticide that specifically target weeds.  Pesticides originate 
from: spray drift, application near running water or sinkholes, spillage, golf courses, nurseries, 
agricultural drainage, storage facilities (Gustafson 1993), near highways, and forestry (Barbash 
 23
and Resek, 1996).  Atrazine and metolachlor are two types of professionally used herbicides in 
the United States (Goosy et al., 1993).  Atrazine is used on field crops (Goolsby et al., 1993) and 
pastures (Barbash et al., 1999).  Metolachlor is used on field crops (Goolsby et al., 1993 and 
vegetables (Barbash et al., 1999).  Atrazine and metolachlor are applied annually to cropland in 
the Midwest to control undesired vegetation (Squillance et al., 1996).  Atrazine and metolachlor 
are water soluble (Goolsby et al., 1993; Squillance et al., 1996).  Pesticides are easier to detect in 
karst environments and in shallow ground water (Gustafson 1993) with permeable soils 
compared to soils such as glacial till (Barbash et al., 1999).  Pesticides concentrations are usually 
greater in surface water than in ground water (Barbash and Resek, 1996).  Pesticide 
concentrations vary more in shallow ground water than deeper ground water and detection of 
atrazine or metalachlor in shallow ground water indicates use in agricultural areas (Barbash et 
al., 1999).  It is rare to find detectable levels of pesticides in deeper wells (Gustafson 1993).  
Pesticides are more likely to reach the ground water under lower temperatures, since the 
chemical reactions involved operate at slower rates and the degradation of the pesticides are 
slower (Barbash and Resek, 1996).  Pesticides are more readily absorbed in soils with high levels 
of organic carbon (Barbash et al., 1999).   
 Large amounts of herbicides recently applied to crops can be flushed away by storm 
runoff (Goolsby et al., 1993).  Herbicides can be transported through the environment by 
overland flow, drainage tiles, streams, and ground water (Squillance et al., 1996).  
Transportation of herbicides depends on their Koc values, half-life in soil, intensity of use, 
application methods, timing, density, duration of rainfall, and soil moisture (Goolsby et al., 
1993).  Koc stands for the soil organic carbon partition coefficient, which measures how easily 
a substance is sorbed by the soil (Barbash and Resek, 1996).  Half-life is a measure of how 
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quickly the herbicides will degrade (Barbash and Resek, 1996).   Studies completed in karst 
aquifers in Iowa have detected the presence of pesticides even in properly constructed wells 
(Barbash and Resek, 1996).  Pumping of ground water has shown to increase the rate of 
movement of chemicals, including pesticides (Barbash and Resek, 1996).           
 
 
III.  5.  N-15 ISOTOPE 
 Nitrogen has two stable isotopes: N-14 and N-15.  The composition of the nitrogen 
isotopes is normally expressed as δN notation which is defined as: 








































where standard is atmospheric N2 gas.  Water samples commonly contain nitrate from a variety 
of sources.  Each source of nitrate has a corresponding range of isotope values with some 
overlap.  For example, Kreitler and others (1978) found that δ15N values for organic nitrogen 
ranged from 2 to 8 ‰, artificial fertilizer was -8 to 6.2 ‰, and animal waste was 10 to 20 ‰.   
The range of N-15 isotope values also differs slightly depending on the literature source.  This 
study will focus on the isotope values for artificial fertilizer and animal waste which do not 





IV.  METHODS 
IV.  1.  SAMPLING PROCEDURES AND COLLECTION 
 Water samples were collected from household wells, two springs, and Mud Run.  
Location, date, and time were all recorded as the water samples were collected.  Residents were 
asked if they used any type of household water treatment devices.  Water well samples were 
collected from the outdoor household faucet.  Water was run into a bucket with a YSI 556 MPS 
(Multi Probe System) water probe until the pH, DO (dissolved oxygen), and temperature 
stabilized.  The water readings were then recorded and the water sample collected.  The 
measurements at the time water samples were collected included pH, temperature, DO, Eh, and 
conductivity.  The water was filtered into plastic bottles using filter membrane with 0.45 µm 
pores. The water samples to be analyzed for total coliform and E. coli. bacteria were not filtered.  
The water samples were collected and separated into plastic bottles for anion, cation, and 
bacterial analysis.  Based on a previous history of high nitrate levels and the presence of total 
coliform bacteria, nine locations were selected for nitrogen isotope analysis. The cation and 
nitrogen isotope water samples were preserved by adding drops of HCl to reduce the pH below 
3.  All samples were then placed into a cooler with cooling packs for transport.  The water 
samples for nitrogen isotope and anion analysis were then stored in a refrigerator.  Figure 11 
displays the location of the field samples collected and their ID reference number.  Appendix B 
shows the locations ID numbers used for the well logs and the historical data.  
 Two handheld rock samples were collected in place at field location number 24 and 25 in 
the northern branch of Mud Run.  The rock samples were examined with a hand lens and tested 

























Figure 11 Location of field samples with identification numbers. 
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 A tracer test was performed during April 2008.  Permission was obtained from three 
homeowners in Echo Hills at field locations 7, 11, and 33.  The tracer was prepared by dissolving 
NaBr in DI water in a clean 125 mL plastic bottle.  A water sample was collected to determine 
the normal bromide concentration of the well water before the NaBr tracer was added.  All water 
samples were collected using a clean 125 ml plastic bottle that was rinsed three times with water 
from the outside faucet.  The tracer was then poured into the toilet inside the house where the 
tracer bottle was rinsed with DI water and again poured into the toilet, which then was flushed.  
During the two weeks following the addition of the tracer, eight water samples were collected at 
each location.  Water samples were collected on days 1, 2, 45, 7, 9, 11, and 13.       
 
IV.  2.  ANALYTICAL METHODS 
 Ion analysis was done using an ICS 2000 Dionex Ion Chromatograph.  Alkalinity was 
determined by titration using 0.02 N HCl.  The presence of total coliform and E. coli. was 
determined by using a 3M Petrifilm E. coli/Coliform count plate official Method 991.14.  Total 
coliform was recorded after one and two days on incubation at 35 degrees Celsius, while E. coli. 
growth was counted after two days using the same plates.  The amount of ammonia, total 
phosphorous, and total silica was determined using a Hach DR/4000U spectrophotometer.  Hach 
method 8038 (Nessler) was used to determine ammonia, Hach method 8190 was used to 
determine total phosphorous, and Hach method 8185 was used for the silica test.  nitrogen  
isotope analysis was analyzed at Northern Arizona University, using an isotope ratio mass 




V.  RESULTS AND DISCUSSION 
V.  1.  ROCK SAMPLES 
 Both rock samples from the northern branch of Mud Run were identified to be dolomite, 
most likely of the Euphemia formation.  The rock samples were found at an elevation 
corresponding to the Euphemia formation and only reacted with the HCl after being scratched. 
 
V.  2.  NITRATE-NITROGEN 
 Water samples were collected from 33 different locations in Echo Hills and the 
surrounding area from late summer 2006 to fall 2006. The water samples were collected from 
domestic water wells, streams, and springs.  Figure 12 shows the field sample nitrate 
concentrations labeled with their ID location, whereas, Figure 13 shows the historical maximum 
nitrate concentrations.  The Echo Hills samples ranged from 2.1-7.7 mg/L with the average being 
4.6 mg/L.  The stream field samples varied from 3.5-6.9 mg/L with an average of 4.8 mg/L.  All 
of these samples for nitrate-nitrogen were below the 10 mg/L recommended level for drinking 
water.  Since these water samples were collected in late summer to early fall, they most likely 
represent the annual low for nitrate-nitrogen.  The only field samples that contained nitrate-
nitrogen levels close to or above 10 mg/L were collected during the tracer test at field location 33 
during April 2008.  Site 33 could easily be affected by surface contamination for the following 
reasons.  A farm field is located within feet of site 33 and the overburden at this site is only about 
5 feet thick.  There is also a significant difference between the bottom of the well casing and the 
top of the Massie Shale (more than forty feet), which means that this well is more likely to be 

















































Figure 13 Concentration of NO3-_ N (nitrate-nitrogen) in mg/L for all historical data 
available in the Echo Hills area.  Red and orange color indicates locations where the nitrate-
nitrogen is above the 10mg/L recommended drinking water limit.  Multiple circles at the same 
location indicate multiple sampling times.  Well site 309 is labeled. 
 31
nitrogen during the tracer test (under 2 mg/L).  Site number 11 also contained a number of trees 
in its backyard.   
 Historic nitrate-nitrogen sample data was obtained from the Clark County Combined 
Health District in Springfield, Ohio.  Most of the data for nitrate-nitrogen in Echo Hill wells 
were for water samples collected in June.  maximum nitrate-nitrogen levels for these samples 
varied between 0.8 and 60.8 mg/L with an average of 8.0 mg/L.  A number of the locations in 
Echo Hills were above the recommended maximum of 10 mg/L for nitrate-nitrogen for the 
historical data.  The historical data reveals a large range of nitrate-nitrogen values.  This can be 
partly explained by more historical data being available than field data collected.  The large 
variance of values is probably affected by the following factors: reverse osmosis water 
purification system, fracture irregularity, overburden thickness, date of sample collection, and 
well location.  Every year more Echo Hill residents install reverse osmosis devices that reduce 
the amount of nitrate-nitrogen entering their household water.  The site specific characteristics of 
fractures in most of the rock formations (not the Cedarville or shale formations), will cause both 
the upper and lower aquifers to be more anisotropic.  As discussed later, there was no overall 
statistical correlation between nitrate-nitrogen, bacteria, overburden thickness, or casing 
difference.  However, specific portions of Echo Hills do show a much stronger correlation 
between some of the variables.  While the overburden thickness varies from one portion of Echo 
Hills to another, the overburden in the north-eastern portion is consistently less than ten feet 
thick and in many cases less than five feet thick.  This portion of Echo Hills has the greates range 
of nitrate-nitrogen levels.  Well log site 309 in this area had nitrate-nitrogen levels from 7.8 to 
over 60 mg/L.  The north-eastern portion of Echo Hills also contains six sites that were over the 
recommended drinking water standard of 10 mg/L.  Second, the difference in elevation between 
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the bottom of the metal well casing and the top of the shales unit is at least ten feet for all wells 
in this area.  Third, many of the well in north-east Echo Hills are located within feet of farm 
fields.  Finally, the surface water flow from north to south and from west to east, thus the north-
east portion of Echo Hills will be affected first by any contaminants that the surface water might 
be carrying.  The north-east portion of Echo Hills’ ground water is likely the most influenced by 
surface contamination, resulting in higher nitrate-nitrogen levels in well water.    
 
 
V.  3.  COLIFORM BACTERIA 
 Total coliform and E. coli. bacteria samples collected from August to November 2006, 
were analyzed for 33 different locations in and around Echo Hills.  Coliform bacteria was found 
in 30 of the 33 locations with the three exceptions being number 7, 18, and a spring at location 
30.  E. coli. was found in all ten stream field samples, but in none of the other field samples.  
Figures 14 displays the total coliform results for the field data and figure 15 for the historical 
data.   
 The historical data collected from the Springfield Health Office covered 73 domestic 
wells in and near the Echo Hills area.  Water samples collected from most of these wells were 
analyzed in June 2005.  Of these 73 wells, 38 were positive for total coliform and five were 
positive for E. coli.  In the Echo Hills area itself, 58 wells have been analyzed for coliform 
bacteria.  In the Echo Hills area, 28 wells tested positive for total coliform and three for E. coli.  
The presence of coliform bacteria can change from positive to negative in the same well over the 
course of the year.   E. coli. found in domestic water wells in Echo Hills were at locations with a 
maximum overburden thickness of five, twelve, and fifteen feet respectively, but overall there 















































Figure 15 Presence of total coliform bacteria from historical data for the Echo Hills area.  
The red color indicates that the location has only tested positive of coliform bacteria and an 
orange color indicates that the location has test positive and negative at different sampling times. 
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overburden thickness.  Also, the three wells positive for E. coli. were not located next to one 
another and were located at wells with moderate to low levels of nitrate-nitrogen.  An 
underperforming septic system could account for these isolated results.  However, the two 
positive wells in the eastern portion of Echo Hills are also affected by agriculture which will be 
mentioned later in this study.  Another possible source of water contamination is the local high 
school which uses a large volume of water during the school year and was also above its permit 
limit for fecal coliform in its effluent as measured downstream from January to September of 
2006.  However, the high school is located half a mile from the nearest wells in Echo Hills and 
this study did not find evidence of the high school directly affecting the well water in Echo Hills.  





























































Figure 17 Presence of E. coli. bacteria from historical data.  Wells positive for E. coli. 
bacteria are shown in red with well log identification numbers. 
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V.  4.  HERBICIDES  
 The Atrazine and Metolachlor data set was obtained from the Springfield Health 
Department.  Almost all of the chemical data was for samples collected during July 11 and 12 of 
2005.  Figure 18 summarizes this data.  The two chemicals most often found in the 19 domestic 
water wells tested (16 in the Echo Hills area) were the herbicides Alachlor and Metalachlor.  
Four wells tested positive for Alachlor and two for Metolachlor.  Two wells in Echo Hills tested 
positive for both Alachlor and Metolachlor.  As stated previously, the north-east portion of Echo 
Hills is likely the area most affected by farming.  Thus, it is quite understandable that wells in 
this area would test positive for herbicides used in agriculture.  
V.  5.  HYDROGEOCHEMISTRY  
  Field Data and ion analysis are summarized in Appendix A.  It was found that 
many residents were unsure if they had a domestic water treatment device or if the device was 
point of use or point of entry.  Point of entry devices treat all water before the water enters the 
household, with a water softener being one example (Andrews et al., 1990).  Whereas, a point of 
use device affects only a portion of water entering the home, such as a carbon filter for the 
drinking water (Andrews et al., 1990).  The concentrations of different ions and personal 
communication indicated that three of the twenty-one different households had domestic water 
treatment devices.  The two water treatment devices found in some of the homes were water 
softeners and the use of reverse osmosis (RO).  Low concentrations of calcium or magnesium 
with high concentrations of sodium indicate use of a water softener (Andrews et al., 1990; 
Parrott et al., 1999).  Whereas, low concentrations of chloride, sodium, sulfate, and nitrates 
indicates the use of reverse osmosis (Andrews et al., 1990; Parrott et al., 1999).  It is most likely 
that field sample numbers 2, 7, 8, and 20 with the high concentrations of sodium and low 
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concentrations of magnesium resulted from the water passing through the water softener at one 
time.  Field sample number 17 shows unusually high concentrations of the chloride ion, which 
could be the result of an attempt to disinfect the local drinking water of bacteria.  
 Silica was found in the water samples, as is to be expected in fresh water samples.  Silica 
results from the chemical weathering of silicate minerals, which is very common in the 
continental crust (Manning, 1997).  The pH for the field samples collected from domestic water 
wells varied between 6.6 and 7.6, with most very close to 7.  Water collected from the streams 
showed a pH of 7.7 to 8.2.  The pH for the field samples was close to the expected range.  The  
pH for the streams was higher than the wells which is to be expected as the result of carbon 
dioxide degassing.  The dissolved oxygen (DO) content for the wells were mostly in the range of 
4 to 7 mg/L compared to 8.8 to 34 mg/L for the streams.  The pattern of higher levels of DO for 
the streams was to be expected, since the streams will interact more freely with the atmosphere.  
DO values for surface water increase with decreasing temperature.  However, a few of the stream 
DO values appear to be much higher than around the 10 mg/L expected (Drever 2001).  This 
might be partially due to the measuring probe being jostled. 
 Geology is a major factor that influences chemical composition of natural waters.  
Activity diagrams also known as mineral stability diagrams, can be used to study interactions 
between soil or rock and water.  The activities of solutes were calculated using PHREEQC 
(Parkurst and Appelo 1999).  Figures 19-21 show the distribution of samples on activity-activity 
diagrams.  All three activity-activity diagrams show the field samples to be in equilibrium with 
kaolinite.  All of the samples could also be in equilibrium with Ca-beidellite since they plotted 
very close to this boundary.  However, Ca-beidellite has not been identified in the soil of this 
region.  The clay mineral that affects the water chemistry coulb be Ca-vermiculite, which has 
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been identified at  Sycamore Farm in Montgomery County (Huang, 1992).  The stability 
diagrams for figures 19-21 show what mineral is most likely to be in equilibrium for a given 
water sample.  Evers (1991) found that kaolinite was also the stable clay weathering product for 
the same bedrock units, though Evers research area was about eighty miles further to the south.  
Water samples collected from streams plotted higher up in the kaolinite field on all three activity 
diagrams than the spring or water well samples.  The stream samples on the calcium activity-
activity diagram also have higher y-axis values than the well or spring water samples.  This is 
due to surface waters being in contact with the atmosphere, which has a PCO2 about 10-3.5 atm.  
This lower PCO2 value will have low H+ concentration and therefore high cation/ H+ ratios.  The 
water well samples collected in Echo Hills all had PCO2 values at or below of 10 -2.0, which could 
be the average value of the PCO2 found in soil.  The dashed PCO2 =10-3.5 atm and PCO2 = 10-2 atm 
lines represent calcite solubility for the respective CO2 partial pressure.  The field samples 
collected from streams plot on or closer to the PCO2 =10-3.5 atm line.  This is due to equilibrium 
with atmospheric PCO2, which is about 10-3.5 atm.  The spring plots near the top of the ground 
water samples.  This is understandable since the source of the spring’s water is underground 
before it interacts with the atmosphere, whereas the source of the stream water is mostly if not all 
surface water. Huang (1992) also found illite at Sycamore Farm.  Figure 20 shows that illite, a 
clay mineral, could be influencing the water chemistry, since the delta trend moves toward the 
kaolinite-illite field (field B).     
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Figure 18 Historical presence of herbicides in area.  Green symbols indicate below 

























Figure 19 Stability relationships among some minerals in the system CaO-Al2O3-SiO2-H20 

























Figure 20 Stability relationships among some minerals in the system K2O-Al2O3-SiO2-H20 













































Figure 21 Stability relationships among some minerals in the system Na2O-Al2O3-SiO2-H20 
at 25°C.  Legend indicates source of water. 
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V.  6.  NITROGEN ISOTOPE ANALYSIS 
 Nine field samples were analyzed for nitrogen isotopes of nitrate.  The sources of water 
included: four samples from domestic water wells, one from a high school, one from a spring, 
and three from streams.  Sample locations were chosen at sites with previously high nitrate 
concentrations and the presence of coliform bacteria.  The sample locations were also chosen 
based on the water source.  Sample locations can be seen on Figure 22.  Each sample underwent 
three runs of which the average nitrogen isotope values are listed in Appendix A, with the result 
rounded to the nearest tenth.  The data indicate that the nitrate-nitrogen present in wells in Echo 
Hills probably originated from a number of sources.  See Table 1 for a comparison of nitrogen 
isotope values.   
Table 1   Comparison of Nitrogen Isotope Values in (δ ‰) 
Source of Nitrate Cey et al., 1999 Mayer et al., 2002 Kreitler et al., 1978 
synthetic fertilizer -1 to 4 0 to 3 -8 to 6.2 
human / animal 
waste 
9 to 20 7 to 20 10 to 20 
 
The nitrate-nitrogen in samples numbers 11 and 30 are consistent with the hypothesis that  
synthetic fertilizers are a major source, because of their low nitrogen isotope values.  Stream 
sample numbers 31 and 32 had the highest nitrogen isotope values corresponding with animal 
waste.  Field sample number 31 was obtained from a stream flowing through land that contained 
pastures and horses.  The high solubility of nitrate in water allows the nitrate to easily flow 
overland during rainstorms.  Sample numbers 0, 8, 9, 10, and 23 isotope values indicate that the 

























Figure 22 Nitrogen isotope values with corresponding field sample identification numbers.
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     The nitrogen isotope values for these samples fall between or near the ranges for 
synthetic fertilizers and animal waste.  Depending on the research source, sample numbers 0, 8, 
9, and 23 are in the range for synthetic fertilizer according to Kreitler et al., (1978).  Stream 
sample number 23 is located downstream of stream sample 32 and was located at a position 
amongst cropland, where nitrogen fertilizer could lower the nitrogen isotope value.  Nitrate 
originating from mixing of two sources will have a linear relationship on a plot of nitrogen 
isotope versus (1 / total nitrate-nitrogen concentration) (Appendix C).  The linear relationship as 
shown on Figure 22, for sample numbers 8, 9, 10, 11, and 23 indicate their nitrate-nitrogen 
originated from a mixed source.  Sample numbers 31 and 32 have isotope values that indicate 
manure as the dominant source of nitrate-nitrogen, such as human or animal waste.  The pre-
pumped static water levels suggests that field sample numbers 9 and 10 are located at wells that 
are drawing more of their water from the upper aquifer and numbers 0, 8 and 11 are getting more 
water from the lower aquifer.  All four open borehole wells are located at a similar surface 
elevation with metal casings that appear to be many feet short of the upper shale layer.  The well 
casing depth is much higher for field sample numbers 9 and 10, leaving more room for the wells 
to draw water from the upper aquifer.  9 and 10 are also located in an area of Echo Hills with an 
overburden of about five feet.  Sample numbers 0, 8, and 11 are located at wells with much 
thicker overburdens of 18 feet or more.    
 Table 1, compares the values of nitrogen isotope analysis from three different studies.  
Low isotope values (under 7) indicate that the nitrate is predominately originating from synthetic 
fertilizer.  Whereas, isotope values above 7 indicate that the nitrate is originating from a 
predominately human or animal waste source.  Nitrate originating from a mixture of sources 
including synthetic fertilizer and animal waste will have nitrogen isotope values between 3 to 10 
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‰.  However, because of the wide ranges of  δ15N for each category of nitrogen sources, the 


















Figure 23   Graph of Nitrogen Isotope Value in (δ ‰) vs. 1 / Total Concentration of nitrate-nitrogen.  Numbers on graph show the 
field location.  Water originating primarily from the lower aquifer are shown in red, whereas blue indicates water originating primarily  
from the upper aquifer.  Points 8-11 and 23 on the line indicate a mixing of the source water.  Triangles indicate streams as the water 
source and the square a spring.   
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V.  7.  STATISTICAL CORRELATION 
 SPSS (a software statistics program ) for Windows (2007) was used to look for overall 
patterns in the data, such as how overburden thickness relates to nitrate nitrogen concentrations 
across the entire data set.  The data analyzed included historic and field data.  The variables used 
were aquifer type, overburden thickness, difference in feet between the bottom of the metal 
casing and the top of the Massie shale, occurrence of total coliform bacteria and E. coli. bacteria, 
and the nitrate-nitrogen concentration.  A bivariate correlation analysis was done using the 
Pearson, Tau, and Spearman methods.  The bivariate correlation compares two variables at a 
time to determine how closely they are related.  The Pearson method is more useful for 
continuous data such as concentration of a substance, whereas the Spearman and Kendall 
methods are better for comparing ordinal data.  Values close to zero indicate little or no 
statistical correlation and a negative correlation implies that as one variable is increasing, while 
the other variable is decreasing.   
 Overall, the statistical results reveal little or no correlation between contamination 
variables such as coliform bacteria and nitrate nitrogen concentrations and possible influencing 
variables such as overburden thickness, difference in metal casing, or aquifer location.  There is 
enough scattering in the data that one correlation does not hold true for the entire data set.  A 
lack of an overall correlation is not too surprising considering that at different sampling times a 
number of sites tested both positive and negative for coliform bacteria.  Also, different sites were 





V.  8.  TRACER TEST 
 A tracer test was done at three locations to see how readily possible contaminants could 
move from the septic system into nearby well water.  The tracer used was bromide in the form of 
NaBr.  The results of the tracer test were inconclusive.  The amount of bromide varied very little 
before and after the tracer were added.  The slight variations of bromide are easily within the 
possible error of the ion chromatograph.  It is not possible to tell if water from the septic system 
is entering the well with this tracer test.  There are several reasons why bromide levels did not 
increase after the tracer was added.  They include dilution and movement of the ground water.  
About 3 grams of NaBr was added at each site, which could be diluted below detection levels.  
The tracer could actually be entering the well, but not easily detected, because a lack of 
measurement sensitivity and the low amounts of bromide added (under 3 g at each location).  
Also, if the groundwater is moving away from the well then the tracer is indeed entering the 
aquifer, but would not be measured.  Lastly, the water collection could have missed the tracer 
peak.  See table 2 for the tracer test results. 
 The tracer test did reveal that the chloride/bromide ratio is quite high (over 1300) at two 
sites.  Studies have found that the chloride/bromide ratio is around 50-150 for precipitation, 100-
200 for shallow ground water, 300-600 for domestic sewage, and over 1000 for halite dissolution 
(Davies et al., 1998; Vengosh and Pankratov 1998).  The high chloride/bromide ratio in the Echo 
Hills area could be due to halite or road salt dissolution.  Another possibility is the use of a 
household water softener, which will increase the amount of chloride in the ground water.  The 




Table 2    Tracer Test Results  
(All amounts are in mg/L.  ND stands for not detected or below detection.) 
 
Field ID Cl Br Sulfate NitrateN Cl/Br ratio
7- before tracer 9.45 ND 18.47 1.66 - 
7-after tracer mean 8.43 ND 18.71 1.7 - 
11- before tracer 28.49 .02 29.39 1.73 1489.43 
11-after tracer mean 29.97 .02 28.47 2.03 1335.66 
33- before tracer 88.45 .06 28.37 9.14 1412.66 




Figure 24 Tracer test locations with field ID numbers. 
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VI.  FACTORS AFFECTING GROUNDWATER QUALITY 
 A number of factors are known to affect drinking water quality in a rural setting.  These 
factors include: thickness of overburden, well construction and maintenance, nearby land use, 
and septic system construction.   
VI.  1.  OVERBURDEN THICKNESS 
 A thinner overburden can allow surface water to more easily influence groundwater 
quality and in less time.  As stated previously, the overburden in Echo Hills can be quite thin, as 
little as a few feet.  Also a gap between the bottom of the metal well casing and the top of the 
shales unit could allow surface water to penetrate deeper into the aquifer.  Figure 24 displays the 
overburden thickness and well casing difference.  The ground water in the north-eastern portion 
of Echo Hills appears most sensitive to changes in surface water.   Most of the wells in Echo 
Hills have a casing difference over ten feet, especially in the north-eastern portion which also has 
a thin overburden (well Id numbers 306-310).  Only the north-eastern portion of Echo Hills 
shows the presence of farm chemicals in the ground water.  Historically the north-eastern portion 
of Echo Hills also has had high nitrate concentrations (over 10mg/L nitrate-nitrogen), though 






























 Figure 25      Difference in feet of the distance from the bottom of the well casing to the top of 
the Massie shale.  A  positive number indicates that the casing does not penetrate the shale layer 
and a negative number indicates that the casing does.  Also shown as colored lines are 
overburden thickness.  For example, all the area inside the red line indicates 0-5 feet of 
overburden thickness, inside the orange is 6-10, and inside the yellow 11-20 feet.  Numbers 
identify locations of specific wells. 
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VI.  2.  Agriculture 
Agriculture in the area definitely has an effect on ground water quality in the Echo Hills 
area.  The north-eastern portion of Echo Hills appears to be the most heavily affected, with a 
number of wells showing the presence of coliform bacteria and herbicides.  Isotope data for 
field sample number 11, which is located in the south-east portion of Echo Hills indicates a 
fertilizer source.  This well was also positive for coliform bacteria.  These results are 
understandable since the land to the west of Echo Hills is almost all used for agriculture and is 
generally at a higher elevation.  Finally, many of the wells in Echo Hills, especially in the 
north-eastern portion, are probably not cased into the shale layers below the upper aquifer.  This 
allows water from the upper and lower aquifers to mix in the open borehole of the well, 
increasing the probability of the well being contaminated from surface water.   
 
VI.  3.  Septic Systems 
The residents of Echo Hills use septic systems exclusively to remove household sewage.  
Contamination of ground water from septic systems in Echo Hills is possible.  The presence of 
E.coli. in Echo Hills was found in three wells (289, 299, 306) as shown in Figure 17.  All three 
wells are located apart from each other.  The rarity of E. coli. present in the Echo Hills’ wells 
would seem to indicate a localized contamination source such as an under-performing septic 
system.  Otherwise, more wells should show a presence of E. coli. if the bacteria was aided by a 
more general source of contamination such as agriculture.  However, since the water is drawn 
from a fractured carbonate aquifer the situation becomes more complex.  Wells numbers 299 
and 306 are also located near the eastern edge of Echo Hills, which is also affected by nearby 
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agricultural processes, with herbicides being detected in nearby wells.  Well number 289 is 
most likely to be affected by the septic system, since it is located in the western portion of Echo 
Hills, away from wells in which agricultural herbicides have been found.  Field sample numbers 
9 and 10 located in the north-east portion of Echo Hills, are probably being affected by septic 
systems as well, since their nitrogen isotope results fall into or near the animal waste range and 
the overburden is thinner than in other locations of Echo Hills.  The western portion of Echo 
Hills is the oldest, with many of the wells being 10 to 20 years old, with septic systems of 
similar ages.  Another source of ground water contaminants in Echo Hills could be a local high 
school.  It was found by the EPA that a local high school within half a mile to the north-east of 
Echo Hills was releasing water with above the recommended amounts of coliform bacteria 
during a thirty day period of 2006.  The high volume of water used and discharged by the high 
school, which is located at a higher elevation, could have an affect on groundwater quality in 
Echo Hills.  The historical and field data show that nitrate-nitrogen concentrations are highest 
in the north-east portion of Echo Hills (see figures 11 and 13).  The north-east portion of Echo 











VII.  WATER WELL CONTAMINATION PREVENTION STRAGETIES 
 The abundance of ground water contamination worldwide has led to strategies for 
protecting water wells from contamination.  Solutions on reducing ground water contamination 
include: riparian zones, crop rotation, and proper maintenance of the water well and the septic 
system.  One way to reduce possible water well contamination is with areas of natural vegetation 
called riparian zones can be very important in reducing the amount of contaminants entering the 
ground water from sources such as agriculture.  Vegetative strips of at least thirty feet in width 
can filter agriculture runoff (Gustafson 1993).  Riparian zones have been found to reduce the 
amount of nitrate existing in nearby groundwater (Bohlke and Denver, 1995; Vitousek et al., 
1997) and reduce the nutrient loading into nearby streams (Komor and Magner, 1996) by 
denitrification, vegetative uptake, and dilution (Cey et al., 1999).  Another strategy is crop 
rotation, which can reduce the amount of fertilizer and pesticide application needed and prevents 
pests from becoming chemically resistant.  Lastly, proper well and septic system construction 
can reduce water well contamination.  Domestic water wells with a surface seal, concrete pad, 
and grouted casing are less susceptible to contamination from surface water (Mathes 2002).  








VIII.  CONCLUSIONS 
 Ground water quality in Echo Hills has been an issue for many years.  Drinking water in 
the area has been contaminated from high levels of nitrate, coliform bacteria, and herbicides used 
in agriculture.  This contamination has led many residents to install devices to help clean or filter 
their drinking water.  The major sources of contamination are most likely local agricultural and 
animal waste aided by inadequate well construction.  Septic systems look to be contributing to 
ground water contamination as well.  Herbicides used in agriculture were found in three wells in 
the north-eastern portion of Echo Hills.  The nitrogen isotope values reveal nitrate-nitrogen most 
likely originating from multiple sources including animal waste, synthetic fertilizer, and 
naturally occurring nitrogen.  At least one well in Echo Hills appears to also be affected by an 
under-performing septic system, since the well that was positive for E. coli. was not near other 
wells with herbicides present.  Ground water contamination at Echo Hills most likely reflects 
decades of agriculture in the study area and then additional contamination from household septic 
systems as Echo Hills grew in population.  This is evidenced by the linear relationship on a plot 
of nitrogen isotope versus (1 / total nitrate-nitrogen concentration), which indicates mixing of the 
lower nitrogen isotope values of nitrogen synthetic fertilizers with the higher nitrogen isotope 
values of human or animal waste.  The upper aquifer is more enriched in N-15 than the lower 
aquifer.  The most likely interpretation is that nitrate in the region has been influenced by 
agriculture activity and then septic systems superimpose N-15 enriched nitrate from human 
waste on the regional aquifer, preferentially the upper aquifer.   
 Regardless of the source of ground water contamination, well construction appears to 
play an important role in the area.  Most of the wells in Echo Hills appear to have metal casings 
that do not go into or past the shale rock units below the upper aquifer.  This open borehole well 
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construction will allow water from the upper and lower aquifers to mix.  Well water is more 
likely to be affected by surface contamination whether it originate from agriculture or a nearby 
underperforming septic system.  A well built septic system will not perform correctly if the local 
climate and geology are not properly understood.  If not enough overburden overlies a carbonate 
aquifer, then the local water well can easily become contaminated by the septic system’s 
effluent, especially during elevated ground water levels.  The overburden appears to be minimal 
in a few locations in Echo Hills, especially the north-eastern portion.   
 The following are suggestions for future studies to better understand the ground water 
contamination in the Echo Hills.  First, an isotope composition study that could better measure 
the difference between nitrate sources of fertilizer, animal, and human waste, and 
uncontaminated water, since sources of nitrate have overlapping values in current literature.  
Secondly, the local high school uses large amounts of water annually, but this study could not 
determine the high school’s affect if any on the ground water quality in Echo Hills.  Lastly, a 
more comprehensive tracer test could help determine possible ground water contaminant flow.  
In conclusion, having a good understanding of the local geology, maintaining proper well and 
septic system construction standards, and utilizing proper zoning will greatly reduce drinking 
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APPENDIX A:  SUMMARY OF FIELD SAMPLE COLLECTION DATA 
 
 
Table headings for appendix A are defined as follows: 
 
ID  identification number used for field samples 
Date  date of sample collection 
Temp  temperature in degrees Celcius 
DO  amount of dissolved oxygen in mg/L 
 
All ions are listed in amounts of mg/L. 
 
Nitrate-N concentration of nitrate-nitrogen in mg/L 
 














Table 3  Summary of data analyzed from field samples. 
ID NitrateN N15 Date Temp Cond DO ORP pe pH Alkalinity Na NH4N K Mg Ca Cl Br SO4 Coli Ecoli
units mg/L   °C µS/cm mg/L mV   mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L   
0 1.5 6.8 11/06/06 12.87 597 5.21 275.7 4.63 6.66 6.87 2.02  0.13 13.38 23.06 29.67 52.22 1 0
1 5.4  09/19/06 19.36 627 4.14 178.7 3.08 7.31 6.47 10.02  1.13 36.82 87.7 22.44 35.07 4 0
2 8.7  09/19/06 16.22 831 9.18 144.2 4.08 7.58 6.73 242.1  2.33 1.44 14.29 81.54 32.39 18 0
3 8.7  09/19/06 14.55 633 5.61 232.9 2.51 7.17 6.6 19.92  1.12 40.1 94.22 38.01 32.39 1 0
4 5.6  11/06/06 12.3 617 11.45 247.6 4.27 6.66 6.73 13.78  0.11 13.46 25.35 35.66 39.77 1 0
5 5  08/29/06 19.14 749 6.92 180.2 2.85 6.82 6.93 15.22 2.36 1.53 44.46 91.47 34.54 27.79 5 0
6 4.6  08/29/06 14.35 702 7.59 140.6 1.93 6.95 7.33 16.63  2.01 42.34 91.36 39.32 0.73 42.24 8 0
7 2.1  08/29/06 18.3 615 6.99 70.7 3.56 7.23 6.4 161.02  0.43 0 10.21 13.4 25.71 0 0
8 3.2 6.2 09/04/06 20.25 838 4.44 137.6 3.66 7.3 7.53 197.2  1.2 0 15.93 46.67 38.93 4 0
9 5.1 6.6 09/04/06 15.71 892 7.4 207.6 3.62 7.04 7.67 44.19  5.36 43.17 91.27 100.16 26.61 16 0
10 6.4 7.1 09/04/06 20.99 999 2.52 166.4 3.84 7.04 6.67 48.1 6.33 2.33 45.16 90.82 111.37 26.95 200 0
11 7.2 4.2 09/04/06 16.31 726 7.07 220.3 2.93 6.94 6.93 20.09  6.78 28.39 93.21 45.71 26.56 5 0
12 5.2  09/05/06 17.51 724 4.81 211 3.11 6.76 7.13 14.68  9.21 40.55 94.72 37.94 37.97 5 0
13 3.6  09/05/06 14.78 708 5.2 203.5 2.36 6.91 7 22.67  3.57 38.76 88.82 58.66 40.69 3 0
14 4.8  08/29/06 14.58 714 6.8 72.2 4.37 6.82 6.4 12.95  2.01 43.42 98.26 59.54 41.81 17 0
15 2.2  09/04/06 18.1 708 7.35 169.5 1.22 7.24 6.2 4.65  0.39 7.78 29.39 55.75 32.14 46 0
16 7.8  11/08/06 14.27 853 24.68 264.5 1.27 6.9 7.13 12.81  0.14 13.42 22.56 27.71 26.84 5 0
17 2.4  11/08/06 15.86 1454 11.02 245.2 1.75 6.5 9.27 34.71  0.16 17.53 28.39 314.76 41.39 24 0
18 3.8  08/29/06 16.9 637 5.07 85.6 4.51 6.98 6.13 9.37  1.88 36.53 87.52 0 0 0 0
19 3  08/29/06 14.24 600 5.89 100 4.86 6.72 6 8.95 1.29 1.83 37.01 88.6 27.93 39.09 4 0
20 7.7  08/29/06 14.79 637 5.8 110.4 2.47 7.16 6.27 170.28  1.63 0 10.31 32.33 41.57 1 0
21 3.7  11/08/06 16.2 683 6.04 258.6 1.49 6.6 7.07 38.57  0.04 0.31 1.84 36.64 26.64 33 0
22 3.5  09/21/06 11.08 661 8.84 216.7 3.84 7.78 6.93 23.14 3.48 2.01 42.38 96.83 45.63 34.11 250 1
23 4.4 6.7 09/21/06 11.19 664 9.38 216 3.83 7.75 6.93 22.57  1.89 42.39 97.06 45.49 34.2 300 4
24 4.2  09/21/06 12.36 644 10.75 196.3 3.47 8.09 6.73 22.26  2.45 39.28 94.9 47.29 27.82 300 2
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ID NitrateN N15 Date Temp Cond DO ORP pe pH Alkalinity Na NH4N K Mg Ca Cl Br SO4 Coli Ecoli
units mg/L   °C µS/cm mg/L    mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L   
25 4.4  09/21/06 14.85 689 12.31 168.8 2.96 8.23 6.67 3.03  0.36 5.9 23.1 48.92 28.07 250 1
26 4.4  09/21/06 13.63 640 9.77 179.9 3.16 7.95 6.53 15.26  1.82 39.38 91 31.83 35.57 300 2
27 3.4  09/21/06 13.57 642 10.78 211.7 3.72 8.09 6.6 13.89  2.53 36.64 85.77 32.12 35.26 200 5
28 5.6  09/21/06 16.09 590 11 242.8 4.23 8.2 6.67 1.86 0.039 0.25 12.11 19.01 22.25 35.51 175 10
29 5.6  10/10/06 16.15 693 13.96 271.8 4.74 7.92 7 3.46  0.23 13.66 21.06 40.98 32.36 300 7
30 5.8 4.8 10/13/06 12.01 683 14.71 197.6 5.02 7.32 6.73 5.81  0.1 13.84 21 59.27 32.53 0 0
31 6.9 11.3 11/08/06 10.88 649 18.62 282.7 4.14 7.98 7.13 5.71  0.31 13.17 22.42 67.55 29.38 100 12
32 5.9 10.7 11/08/06 10.91 544 34.08 233.5 3.49 8.15 6.33 2.4  0.19 12.91 19.29 34.13 28.24 67 1





















Table 4  Summary of additional data analyzed from field samples. 
FinalFieldResults 
ID TotalP Silica Ammonia Water Source Type Additional Comments 
 mg/L mg/L mg/L   
0 0.22 11.1 0.12 well  
1 0.23 10.5 0.05 well  
2 0.28 9.7 0.08 well  
3 0.04 12.3 0.06 well collected sample after 4 buckets 
4 0.34 10.7 0.1 well  
5 0.22 11.2 0.07 well  
6 0.03 4 0.06 well  
7 0.07 15.5 0.06 well  
8 0.17 11.7 0.11 well weak water pressure; sample after 1 bucket 
9 0.08 8.8 0.11 well  
10 0.12 9.3 0.14 well sample collected after 1 bucket 
11 0.04 11.4 0.09 well  
12 0.2 9.7 0.07 well  
13 0.09 10.8 0.07 well  
14 0.11 4.2 0.1 well  
15 0.61 9.6 0.15 well  
16 0.01 10.7 0.05 well  
17 0.07 14.1 0.06 well  
18 0.09 10.2 0.15 well  
19 0.08 10.5 0.09 well  
20 0.27 15 0.08 well  
21 0.08 12 0.03 well  
22 0.34 10.6 0.17 stream brown water, very slow moving
23 0.4 11 0.1 stream  
24 0.48 10.1 0.07 stream  
25 0.45 7.4 0.09 stream  
26 0.41 9.8 0.1 stream  
27 0.32 9.3 0.1 stream  
28 0.36 8.6 0.18 stream  
29 0.35 10.5 0.09 stream  
30 0.28 9.4 0.05 spring  
31 0.72 12.6 0.1 stream  
32 0.38 8.7 0.08 stream  




Appendix B:  Summary of Historical Contamination Data  
 
 
Table headings for appendix B are defined as follows: 
 
ID  identification number for well log locations and historical contamination data 
 
Nit.-N  nitrate-nitrogen in mg/L 
 
Ch.  name of chemical 
 
Ch.A.  amount of chemical in µg/L 
 
TColi  yes if total coliform bacteria was present 
 
Ecoli  yes if E. coli. bacteria was present 
 
 
Table 5  Summary of historical contamination data. 
 
ID Nit.-N Ndate Ch. Ch.A. ChDate Tcoli TCDate ECDate Ecoli Notes
units mg/L   µg/L       
6      y 6/15/05 6/15/05 n  
10      y 6/22/05 6/22/05 n  
10      y 6/15/05 6/15/05 n  
163      n 6/15/05 6/15/05 n  
280 9.16 6/15/05    y 6/15/05 6/15/05 n  
283 13 6/21/05         
283   A/M  7/12/05      
283 13 6/15/05    y 6/15/05 6/15/05 n  
286 6.61 6/15/05         
286      y 6/14/05 6/14/05 n  
288  6/17/05         
288      n 8/17/04    
288      y 6/15/05 6/15/05 n  
289      y 7/23/04 7/23/04 y  
289      y 8/02/04    
289      n 8/11/04    








290 2.36 6/15/05         
290   A/M  7/11/05      




0.2 7/11/05      
290 7.28 6/19/02    y 6/19/02    
290      y 7/09/02    
290      n 7/16/02    
290      n 6/15/05 6/15/05 n  
291 6.47 6/16/05         
291      y 7/09/03    
291      n 7/21/03    
291      y 6/15/05 6/15/05 n  
292 1.67 6/16/05         
292      n 6/15/05 6/15/05 n  
293 3.24 6/17/05         
293 3.25 oct. 2005    y 6/15/05 6/15/05 n  
295 3.09 6/17/05         
295   A/M  7/12/05      
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ID Nit.-N Ndate Ch. Ch.A. ChDate Tcoli TCDate ECDate Ecoli Notes
units mg/L   µg/L       
295 3.09 O. 2005    n 6/15/05 6/15/05 n  
296 4.45 6/17/05         
296 6.3 7/19/01         
296 4.45 oct. 2005    n 6/15/05 6/15/05 n  
297 6.33 6/16/05         
297      n 3/20/89    
297      n 9/01/99    
297      n 6/15/05 6/15/05 n  
297 28.9 6/12/01         
298 2.7 6/16/05         
298 2.7 oct. 2005    n 6/15/05 6/15/05 n  
298 5.72 8/09/01    y 8/09/01    
298      y 9/24/01    
298      y 10/24/01    
298      y 11/13/01    
298      y 12/10/01    
298      n 1/30/02    
299 2.18 6/17/05         
299   A/M  7/12/05      





0.2 7/12/05      




0.4 7/12/05      
299      y 6/15/05 6/15/05 y  
299      yes 9/20/05 9/20/05 y  
299      n 4/19/94    
300      n 3/25/96    
300 2.93 8/08/01    n 8/08/01    
300 32.5 7/10/01    y 7/10/01    
301      y 6/26/95    
301      y 9/26/95    
301      y 10/18/95    
301      n 11/20/95    
301 37.9 7/16/01    y 7/16/01    
301 18.6 6/12/01         
302 2.32 6/17/05         
302   A/M  7/12/05      
302      y 6/15/05 6/15/05 n  
302      n 10/25/93    
303 9.53 6/12/01         
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ID Nit.-N Ndate Ch. Ch.A. ChDate Tcoli TCDate ECDate Ecoli Notes
units mg/L   µg/L       
303      n 6/29/99    
304 3.62 6/17/05         
304   A/M  7/12/05      
304      n 11/14/98    
304 3.62 6/15/05    n 6/15/05 6/15/05 n  
304      n 4/10/05    
305 4.25 6/16/05         
305      y 6/15/05 6/15/05 n  
305      y 8/02/00    
305 17.2 6/27/01         
305      y 4/10/05    
306 2.26 6/17/05         
306      y 7/20/05 7/20/05 n  
306      y 6/15/05 6/15/05 y  
307 8.19 6/17/05         
307   Atr 0.23 7/12/05      
307   Met 0.22 7/12/05      
307   Met 0.23 7/12/05      
307      n 11/21/00    
307   Atr 0.23 7/12/05      
307      n 6/15/05 6/15/05 n  
307 9.91 7/19/00    y 7/19/00    
307      n 8/07/00    
307      n 11/21/00    
307 19.3 6/01/01         
307      y 3/22/05    
307      n 4/10/05    
308 5.37 6/16/05         
308      y 8/29/03    
308 4.79 10/26/05 no  10/26/05      
308      n 8/26/02    
308  8/26/02         
308      y 8/29/03    
309 7.81 6/17/05         
309 60.8 5/31/01    n 5/31/01    
309 21.3 6/01/01         
309      n 6/15/05 6/15/05 n  
310 8.76 6/17/05         
310 13.1 2/14/00    n 2/14/00    
310 21.3 6/01/01         
310      n 6/15/05 6/15/05 n  
311      n 2/23/00    
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ID Nit.-N Ndate Ch. Ch.A. ChDate Tcoli TCDate ECDate Ecoli Notes
units mg/L   µg/L       
311 12.7 6/01/01         
312 9.98 6/17/05         
312 9.94 6/17/05         
312   Atr 0.42 7/12/05      
312   Met 0.26 7/12/05      
312 12.6 8/01/01    y 8/01/01    
312      n 8/14/01    
312      y 6/15/05 6/15/05 n  
313 8.92 6/16/05         
313 8.92 oct. 2005    n 6/15/05 6/15/05 n  
314 6.08 6/17/05         
314 2.63 4/29/02    y 4/29/02   reverse osmosis
314 20.8 4/29/02         
314      n 5/08/02    







315 1.51 6/16/05         
315      y 6/15/05 6/15/05 n  
316      y 2/20/01    
316      y 6/15/05 6/15/05 n  
316      y 6/30/98    
316      n 7/14/98    
316      y 2/20/01    
316 13.3 6/12/01    y 6/12/01    
317 6.92 6/16/05         
317 6.6 6/16/05         
317   A/M  7/11/05      
317      n 6/15/05 6/15/05 n  
318 2.11 6/16/05         
318      y 6/15/05 6/15/05 n  
318      y 10/24/97    
318      y 5/24/95    
318      n 6/07/95    
319 5.97 6/16/05         
319 5.82 6/16/05         
319      y 4/21/93    
319      n 5/24/93    
319      y 8/14/01    
319      y 8/22/01    
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ID Nit.-N Ndate Ch. Ch.A. ChDate Tcoli TCDate ECDate Ecoli Notes 
units mg/L   µg/L       
319      y 6/15/05 6/15/05 n  
320 7.13 6/16/05         
320      n 8/02/93    
320 28.8 6/12/01         
320  7/27/01         
320 8.3 8/14/01         
320      n 6/15/05 6/15/05 n  
321 1.68 6/16/05         
321   A/M  7/11/05      
321      n 9/19/95    
321  8/02/01         
321 1.68 oct. 2005    n 6/15/05 6/15/05 n  
322 1.84 6/16/05         
322           
322 15.8 6/12/01         
322      y 6/15/05 6/15/05 n  
323 3.41 6/16/05         
323   A/M  7/11/05      
323      n 12/13/03    
323      y 6/15/05 6/15/05 n  
324 0.8 6/16/05         
324  7/20/01    n 7/2/1998 6/15/05   
324       4/11/94    
324  7/20/01         
324 0.8 oct. 2005    y 6/15/05 6/15/05 n  
325      n 9/07/89    
326 4.73 6/16/05         
326   A/M  7/11/05      
326      n 12/13/93    
326 4 7/19/01         
326      n 6/15/05 6/15/05 n  
327 4.69 6/16/05         
327      n 6/15/05 6/15/05 n  
327      n 6/26/91    
327 16.3 7/05/01         
328      n 12/13/93    
329 5.44 6/16/05         
329   A/M  7/11/05      
329 9 7/02/98    y 6/19/02    
329      y 6/26/02    
329      n 7/24/02    
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ID Nit.-N Ndate Ch. Ch.A. ChDate Tcoli TCDate ECDate Ecoli Notes
units mg/L   µg/L       
329      n 6/15/05 6/15/05 n  
329      n 5/09/94    
329 21.1 6/12/01         
329 9 6/19/02    y 6/19/02    
329      y 6/26/02    
329      n 7/24/02    
330 5.77 6/16/05         
330      n 10/02/96    
330 7.88 6/12/01         
330 5.77 oct. 05    n 6/15/05 6/15/05 n  
331 3.79 6/16/05         
331      n 6/15/05 6/15/05 n  
331      y 4/21/92    
331      n 7/20/92    
331 4.2 7/27/01         
332 6.8 6/16/05         




0.2 7/12/05      
332   A/M  7/12/05      
332 6.8 oct. 2005    n 6/15/05 6/15/05 n  
332      n 3/25/96    
332 24.5 6/27/01    n 6/27/01    
332 8.8 7/27/01         
332 9.1 7/27/01         




8/08/84    
333      n 8/16/84    
334 6.58 6/16/05         
334      n 6/15/05 6/15/05 n  
334      n 7/21/93    
335      n 10/31/84    
335 8.2 8/22/01         
335      n 10/31/84    
336      n 12/21/98    
336 8.1 7/18/01         
336      n 12/21/98    
337 25 6/27/01         
338   A/M  7/11/05      
338      n 6/14/05 6/14/05 n  
339           
339 5.52 6/15/05         
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ID Nit.-N Ndate Ch. Ch.A. ChDate Tcoli TCDate ECDate Ecoli Notes
units mg/L   µg/L       
339      n 6/14/05 6/14/05 n  
340 5.02 6/15/05         
340      n 6/14/05 6/14/05 n  
341 6.84 6/15/05         
341   A/M  7/11/05      




0.2 7/11/05      
341   A/M  7/11/05      
341      y 6/14/05 6/14/05 n  
342 6.48 6/15/05         
342      n 6/14/05 6/14/05 n  
343 5.46 6/16/05         
343 5.79 6/16/05         
343      n 11/21/00    
343      y 6/15/05 6/15/05 n  
344 5.93 6/21/05         
344   Atr 0.33 7/12/05      
344   Met 0.26 7/12/05      
344      n 6/15/05 6/15/05 n  
353 6.16 6/21/05         
353   Atr 0.26 7/12/05      
353   Met  7/12/05      




0.6 7/12/05      
353      n 6/15/05 6/15/05 n  
468      y 6/15/05 6/15/05 n  
472 0.656 6/15/05         
 
Appendix C:  Mathematical Proof for Linear Relationship of Isotope Concentration vs.                            
1 / Total nitrate-nitrogen Concentration 
 
 
The following information is summarized from Faure 1977 using nitrogen instead of strontium: 
 
A and B are two components 
NA and NB are the concentrations of N 
Ab and Ab are the isotopic abundances of 15N 
WA and WB are the atomic weights of N in components A and B 
G is Avogadro’s number 
f is the mixing parameter as defined by:   
 
 
Assume two mixtures of two components A and B that have different concentrations of nitrogen 









The following equation plots as a hyperbola in coordinates of (15N / 14N) M and NM, where a and 










Appendix D:  Summary of Data Obtained From Well Logs 
 
 
Table headings for appendix C are defined as follows with all elevation measurements in feet: 
 
ID  identification number for well logs and historical data 
FieldID matches identification number for field sample data 
 
WellE  surface elevation of well 
WellBE elevation of bottom of well 
 
PrePS  depth from surface to top of pre-pumped static water level 
TopSE  interpretive top of the upper aquifer 
BotASE interpretive top of the lower or bottom aquifer 
Wdepth length of well 
 
OB  interpretive bottom of the overburden or rock unit 1 
OBTh  thickness of overburden 
Beup  interpretive bottom of the Euphemia or rock unit 2 
EupTh  thickness of the Euphemia 
Shales  interpretive bottom of shales unit or rock unit 3 
ShaleTh thickness of shales unit 
Brassf  interpretive bottom of Dayton/Brassfield unit or rock unit 4 
 
Case  length of metal well casing 
CaseE  bottom elevation of metal well casing 
CaseD  difference in elevation between bottom of the metal casing and the upper portion 
of the shales unit; a positive number  
  indicates in feet the gap between the two 
TestR  gallons per minute of water removed from the well during pump test 
TestT  time in hours of pump test 















Table 6 Summary of data obtained from well logs. 
FinalWellData 
ID FieldID FID WellE WellBE PrePS TopSE BotASE WDepth OB OBTh BEup EupTh Shales ShaleTh Brassf BrassfTh
0  405605 972 871 36 936 884 101 968 4 933 35 904 29 868 36
10  405629 983 903 25 958 884 80 971 12 925 46 896 29 860 36
11  405630 976 896 18 958 876 80 957 19 925 32 896 29 860 36
14  405633 983 907 20 963 876 76 968 15 925 43 896 29 860 36
15 4 305634 989 909 20 969 876 80 971 18 925 46 896 29 860 36
16  405635 990 945 15 975 876 45 976 14 925 51 896 29 860 36
18  405637 993 938 13 980 876 55 977 16 925 39 896 29 860 36
19  405638 996 936 11 985 876 60 978 18 920 58 891 29 855 36
28  405661 1013 931 35 978 887 82 988 25 925 63 896 29 860 36
42  405953 1013 863 45 968 875 150 1007 6 921 86 892 29 856 36
47  405958 1003 848 90 960 875 155 981 22 920 68 891 29 855 36
48  405959 1004 924 45 959 878 80 982 22 924 58 895 29 859 36
51  405962 1001 936 44 971 876 65 961 40 920 41 891 29 855 36
52  405963 1000 882 33 967 876 118 970 30 920 50 891 29 855 36
56  405968 984 824 72 945 876 160 975 9 920 55 891 29 855 36
57  405969 986 826 79 938 876 160 929 57 920 9 891 29 855 36
58  405970 992 832 60 932 910 160 935 57 924 11 895 29 859 36
79  406040 981 881 47 934 881 100 950 31 927 23 898 29 862 36
80  406041 960 838 73 930 887 122 916 34 926 0 897 29 861 36
82  406044 940 840 35 937 884 100 938 2 925 13 896 29 860 36
163  803612 1009 869 32 977 876 140 994 15 920 74 891 29 855 36
173  803627 999 909 60 939 876 90 981 18 920 61 891 29 855 36
185  803640 994 859 25 969 890 135 962 32 923 39 894 29 858 36
190  803647 988 828 104 935 884 160 969 19 923 143 894 29 858 36
193 0 803652 928 868 21 907 874 60 903 25 915 0 886 0 850 36
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FinalWellData 
ID FieldID FID WellE WellBE PrePS TopSE BotASE WDepth OB BEup OBTh EupTh Shales ShaleTh Brassf BrassfTh
196  803656 937 857 40 930 897 80 935 2 926 9 886 29 850 36
197  803657 937 832 65 920 872 105 937 0 918 19 886 29 850 36
201  803669 937 904 7 930 890 33 927 10 925 2 896 29 860 36
205  803673 972 832 50 922 890 140 942 30 925 17 896 29 860 36
206  803674 990 830 85 930 905 160 979 11 923 56 894 15 858 36
207  803675 992 897 58 934 890 95 954 38 920 34 897 23 861 36
284  803795 955 835 60 930 895 120 943 12 924 19 895 29 859 36
288  803807 954 871 25 929 890 83 931 23 921 10 892 29 856 36
289  803808 957 849 50 940 884 108 945 12 925 20 896 29 860 36
290  803809 958 858 25 933 890 100 936 22 925 11 896 29 856 36
291  803810 976 856 25 951 890 120 953 23 925 24 900 29 865 36
292  803811 961 811 35 926 880 150 943 18 925 25 896 29 856 36
293  803812 962 892 18 944 890 70 941 21 922 19 893 29 857 36
294  803813 964 839 30 934 890 125 944 20 926 18 897 29 861 36
295  803814 965 847 90 930 875 118 945 20 921 24 892 29 856 36
296  687294 968 846 94 925 874 122 949 19 920 29 891 29 855 36
297  803816 970 840 91 930 879 130 937 33 925 12 896 29 860 36
298  803817 985 825 89 940 896 160 970 15 925 40 896 29 860 36
299  783252 983 843 100 925 883 140 968 15 920 48 891 29 855 36
300  803819 986 826 90 930 896 160 971 15 925 46 896 29 860 36
301  814462 984 844 120 930 864 140 965 19 929 36 900 29 864 36
302  803822 986 846 90 930 896 140 973 13 925 48 896 29 860 36
303  803825 986 876 50 936 890 110 976 10 928 48 899 29 863 36
304 9 803826 988 878 50 938 884 110 981 7 925 56 896 29 860 36
305  803827 990 840 100 940 890 150 982 8 929 53 900 29 864 36
306 6 803833 987 829 107 938 880 158 982 5 926 56 897 29 861 36
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FinalWellData 
ID FieldID FID WellE WellBE PrePS TopSE BotASE WDepth OB BEup OBTh EupTh Shales ShaleTh Brassf BrassfTh
307  803834 989 839 100 942 889 150 984 5 920 66 891 29 855 36
308 5 803835 988 808 100 942 888 180 985 3 920 68 891 29 855 36
309  803836 989 839 100 942 889 150 984 5 920 66 891 29 855 36
310  803837 989 869 40 949 890 120 985 4 927 58 898 29 861 36
311  803838 989 849 40 949 890 140 983 6 925 58 896 29 860 36
312  803840 987 885 45 942 890 102 979 8 934 45 905 29 863 36
313 10 803842 987 887 45 942 884 100 977 10 925 52 896 29 860 36
314 15 803845 989 847 40 949 884 142 981 8 925 56 896 29 860 36
315 7 803850 982 874 40 942 884 108 967 15 925 42 896 29 860 36
316  803851 982 872 40 942 884 110 959 23 925 34 896 29 860 36
317 8 803855 981 811 90 925 891 170 963 18 920 43 891 29 855 36
318  803859 976 836 120 925 856 140 937 19 921 16 892 29 856 36
319  803862 978 828 90 940 888 150 955 23 925 30 896 29 860 36
320  803863 980 840 90 925 890 140 944 36 919 25 890 29 854 36
321  803864 980 840 90 925 890 140 966 14 919 47 890 29 854 36
322 11 803867 980 840 90 930 890 140 944 36 925 19 896 29 860 36
323  803868 978 849 100 930 878 129 953 25 924 29 895 29 859 36
324  803869 977 847 90 940 887 130 942 35 926 16 897 29 861 36
325  803870 970 830 100 920 870 140 952 18 925 36 896 29 860 36
326 13 803871 968 853 68 935 900 115 957 11 925 28 896 29 860 36
327  803872 965 850 35 930 890 115 952 13 922 30 893 29 857 36
328  803873 962 840 88 925 874 122 951 11 920 31 891 29 855 36
329  803874 962 842 78 935 884 120 948 14 926 22 894 32 858 36
330  803875 961 849 73 940 888 112 949 12 928 21 898 30 862 36
331  803876 961 848 65 930 896 113 947 14 925 22 896 29 860 36
332  803877 961 849 75 935 886 112 949 12 925 24 896 29 860 36
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FinalWellData 
ID FieldID FID WellE WellBE PrePS TopSE BotASE WDepth OB BEup OBTh EupTh Shales ShaleTh Brassf BrassfTh
333  803878 958 838 60 930 898 120 940 18 927 13 898 29 862 36
334 12 803879 960 850 80 930 880 110 945 15 926 19 897 29 861 36
335  803881 960 840 86 925 874 120 944 16 920 24 891 29 855 36
338  803887 961 841 70 925 891 120 938 23 920 18 891 29 855 36
339  803888 961 831 78 930 883 130 944 17 925 19 900 25 864 36
340  803889 959 839 60 930 899 120 941 18 928 13 899 29 863 36
342  803891 958 838 75 930 883 120 948 10 929 19 900 29 864 36
345  803899 1001 926 50 951 890 75 983 18 925 58 896 29 860 36
351  803905 1002 914 50 952 876 88 981 21 920 61 891 29 855 36
352 3 803907 1001 911 55 946 890 90 981 20 924 57 895 29 859 36
380  803952 999 929 45 954 876 70 979 20 920 59 891 29 855 36
383  803958 998 840 85 968 913 158 984 14 920 72 891 29 855 36
386  803961 1002 920 28 974 890 82 992 10 925 67 896 29 860 36
391  803975 1009 929 40 969 890 80 979 30 920 50 891 29 855 36
394  59 993 891 40 953 874 102 978 15 918 60 889 29 853 36
404  803989 999 936 30 969 890 63 979 20 925 54 896 29 860 36
411  49 992 842 110 960 882 150 973 19 927 46 897 30 861 36












Table 7 Summary of additional data obtained from well logs. 
FinalWellData 
ID Case CaseE CaseD TestR TestT DrawD Date Other 
0 101 871 -62 25 1 20 12/14/89  
10 83 900 -25 25 2 10 6/22/01  
11 85 891 -34 20 2 80 may 8, 1995  
14 28 955 30 20 2 5 8/30/95  
15 30 959 34 15 2 15 9/9/89  
16 15 975 50 8 3 15 8/16/74  
18 26 967 29 9 2 12 8/16/74  
19 26 970 50 8 2 11 6/15/73  
28 30 983 58 20 1 3 12/26/91 water 79-82 feet
42 60 953 32 10 2 25 5/29/02  
47 28 975 62 12 2 10 5/21/97  
48 30 974 50 12 2 80 july 29, 1996  
51 40 961 41 10 2 2 11/25/83 water at 60 ft.
52 67 933 13 15 1 20 6/19/96 pump at 60 ft.
56 80 904 -16 10 1 0 11/18/04 pump at 140 ft.
57 60 926 6 10 1 0 11/16/04 pump at 140 ft.
58 60 932 8 10 1 40 11/16/04  
79 38 943 16 15 1 26 10/24/88 pump at 80 ft.
80 76.5 883.5 -32.5 18 1 7 8/25/03 pump at 100 ft.
82 30 910 -15 45 2 20 10/2/96  
163 32 977 57 100 1 30 8/9/89 water 60-80 ft.
173 26 973 53 20 2 10 8/16/74  
185 34 960 37 8 2 60 3/26/73 pump set 125 ft
190 80 908 82 10 1 0 8/18/04  
193 30 898 -10 10 2 60 5/11/93  
196 30 907 -19 50 2 10 6/13/00  
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FinalWellData 
ID Case CaseE CaseD TestR TestT DrawD Other Date
197 27 910 -8 50 1 2 5/17/94  
201 11 926 1 15 0.5 1.5 may 21, 1991  
205 93 879 -46 7 2 140 july7/1994  
206 85 905 -18 6 1 40 4/26/05 water at 160
207 62 930 10 8 1 6 12/17/97 water 70-90 feet
284 28 927 3 25 2 5 3/19/90  
288 28 926 5 8 2 10 05/11/88 liner to bottom of borehole due to soft shale?
289 26 931 6 20 2 15 07/8/86  
290 26 932 7 10 1 0 07/12/88  
291 30 946 17 25 1 120 09/11/89 drawdown listed as bottom 
292 28 933 15 15 1 20 07/17/2003  
293    8 1 30 04/8/1995 water encountered between 25-40 feet; Cable Rig
294 30 934 8 20 0 0   
295 28 937 16 30 2 0 08/8/96  
296 27 941 21 15 2 0 10/10/88  
297 81.5 888.5 -36.5 10 1 3 08/10/1999  
298 32 953 23 10 2 2 10/26/95  
299 25 958 38 15 2 140 12/2/93 drawdown listed as bottom 
300 32 954 29 10 2 2 03/21/95  
301 40 944 15 15 2 140 06/16/95  
302 50 936 11 9 2 1   
303 28 958 30 12 2 5 08/24/1998  
304 28 960 35 10 2 5 08/21/1998  
305 28 962 33 25 2 5 08/09/1999  
306 25 962 36 15 0 30 11/3/98  
307 28 961 43 12 2 10 06/15/00  
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FinalWellData 
ID Case CaseE CaseD TestR TestT DrawD Other Date
308 28 960 43 12 2 20 02/25/02  
309 28 961 43 10 1 25 11/12/00  
310 27 962 35 10 1 20 02/8/00  
311 50 939 14 15 2 60 06/7/99  
312 28.3 958.7 24.7 12 2 15 05/30/01  
313 28 959 34 20 1 60 11/22/1999  
314 36 953 28 30 2 60 04/3/01  
315 28 954 29 8 2 20 09/27/1997 liner pvc 100 ft
316 28 954 29 12 2 10 09/26/1997 pvc well liner down to 100 ft 
317 33 948 28 12 1 10 08/24/94  
318 37 939 18 15 0 0 4/27/94  
319 50 928 3 10 1 2 10/30/92  
320 50 930 11 10 2 2 06/9/93  
321 36 944 25 12 2 2 07/24/95  
322 40 940 15 11 2 2 06/21/95  
323 35 943 19 15 2 0 08/24/1993 drawdown was listed as bottom; 
324 57 920 -6 9 1 2 06/3/93  
325 27 943 27 8 2 3   
326 28 940 11 15 2 5 11/8/95  
327 29 936 14 10 2 1 10/30/1990  
328 50 912 -8 5 2 2 06/4/93  
329 25 937 11 20 2 120   
330 28 933 5 20 2 70 7/3/96  
331 28 933 8 8 1 2   
332    20 2 70 07/3/96  




ID Case CaseE CaseD TestR TestT DrawD Date Other 
334 21 939 13 40 1 0 may 11, 1983  
335 26 934 14 20 2 5 aug. 13, 1984  
338 28 933 13 15 2 5 12/1/95  
339 30 931 6 12 1 15 04/13/88  
340 26 933 5 16 1 5   
342 25 933 4 30 1 0 08/12/83  
345 26.5 974.5 49.5 12 1 0 07/30/76 location Chico and Tecumseh; water cloudy
351 26 976 56 10 2 5 oct. 3/86 casing 26 feet
352 32 969 45 10 2 10 1/8/03 casing 32 feet
380 26 973 53 10 2 8 8/16/74  
383 30 968 56 12 2 40 8/30/96 pump at 140 ft.
386 27 975 50 10 0 20 July6,1995  
391 40 969 40 20 2 25 6/23/00  
394 26 967 49 4 2 60 3/19/76 water 70-82 feet
404 27 972 47 15 2 20 9/6/02 pump at 50 ft.
411 30 962 35 7.5 2 5 9/15/97  




A handwritten number, usually located on the top-right of the well log is the identification 
number used for the well log data tables. 
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